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Abstract
Dynamical fluctuations of the globally conserved quantities in heavy ion collision such as baryon
number, strangeness, charge, and isospin are suggested to carry information about the deconfine-
ment and chiral phase transitions. The STAR experiment has performed a comprehensive study
of the collision energy and charge dependence of dynamical particle ratio (K/pi, p/pi, and K/p)
fluctuations, net-charge fluctuations, and transverse momentum correlations at mid-rapidity, as
well as neutral-charge pion fluctuations at forward rapidity. The centrality, charge, and collision
energy dependence from new measurements of the fluctuation observables νdyn and rm,1 and the
energy dependence of transverse momentum correlations from
√
sNN = 7.7-200 GeV Au+Au
collisions are presented. These results are also compared to predictions from hadronic models.
1. Introduction
Event by event fluctuations in production of the globally conserved quantities and their cor-
relation have always been important probes in the context of Quantum Chromodynamics (QCD)
phase transition [1, 2]. The goal is to search for any non-monotonic behaviour of corresponding
observables as a function of collision energy which might indicate possible signature of critical
point. Anomalous fluctuation in the production of pions of different isospins is predicted to occur
for systems going through the QCD chiral phase transition [3]. Such phenomena like formation
of domains of Disoriented Chiral Condensate (DCC) would correspond to deviation in neutral-
charge correlation from generic expectation. Slopes of the transverse momentum spectra are
related to the temperatures of the system. Two particle transverse momentum correlation would
thus be a measure of temperature fluctuation [2, 4]. In recent Beam Energy Scan (BES) program
of RHIC, the STAR experiment has collected data for Au+Au collisions at
√
sNN = 7.7, 11.5,
19.6, 27, 39, 62.4, and 200 GeV. The observables studied are dynamical fluctuations of particle
ratio (K/pi, p/pi, K/p, ch+/ch−, γ/charge) and two particle transverse momentum correlation.
2. Experiment and Observables
Measurement of identified and inclusive charged particles are done at mid-rapidity (|η| < 1)
using a combination of Time Projection Chamber (TPC) and Time of Flight (TOF) detectors. A
Photon Multiplicity Detector (PMD) and Forward Time Projection Chamber (FTPC) are used to
measure event-by-event photon and charged particle multiplicity over a common rapidity range
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of −3.7 < η < −2.8. Details for particle identification relevant to current studies can be found in
Ref.[6, 7, 8]. Centrality selections are done using raw charged track multiplicity from the TPC.
In this analysis, three observables are used; (i) ratio fluctuation measure is defined [5] as
νM−Ndyn =
〈M(M − 1)〉〈
M2
〉 + 〈N(N − 1)〉〈
N2
〉 − 2 〈MN〉〈M〉 〈N〉 , (1)
where M and N are multiplicities of two particle species (K, pi, p, γ, charge±, total charge) for
which ratio fluctuation is considered. The event average is defined by <>. By design νdyn is zero
for Poissonian fluctuation. (ii) Additionally one more observable has been used as a measure of
γ − ch correlation. As introduced by Mini-Max [9] collaboration, the observable
rγ−chm,1 =
〈
Nch(Nch − 1) · · · (Nch − m + 1) Nγ
〉
〈Nch〉
〈Nch(Nch − 1) · · · (Nch − m)〉
〈
Nγ
〉 , (2)
for generic pion production scenario (and for Poissonian fluctuation) by design gives a value of
unity for all its order m and higher order becomes increasingly sensitive to any form of correlation
or anti-correlation [9, 10]. For DCC like scenario this observable will become 1/(m + 1). (iii)
Observable for the two particle momentum correlation is defined [4] as
〈
∆pt,i∆pt, j
〉
=
1
Nevent
Nevent∑
k=1
Ck
Nk(Nk − 1) , Ck =
Nk∑
i=1
Nk∑
j=1,i, j
(
pt,i − 〈〈pt〉〉) (pt, j − 〈〈pt〉〉) (3)
where the double average 〈〈pt〉〉 is obtained by first averaging over all particles in an event and
then averaging over all events considered. All the observables defined above, by construction do
not have explicit efficiency dependence.
3. Results and discussion
Excitation functions for the fluctuation measure νdyn of K/p, p/pi and K/pi ratios and their
charge dependence over an energy range of
√
sNN = 7.7-200 GeV are shown in (Fig.1(a)-1(c)).
In all the cases two lines represent model calculations and solid makers show νdyn for ratio of
all charges in the species considered for most central (0 − 5%) events. For both K/p and p/pi
we see the observable νdyn is negative which indicates that the production of corresponding pairs
are highly correlated. We see either a weak energy dependence or monotonic decrease with
decreasing energy. Hadronic models like HSD and UrQMD do not seem to follow the sign
of the data, only trend is qualitatively reproduced. All four combinations of charge dependent
excitation functions show negative value of νdyn indicating correlated production from decays
of resonances like ∆++,∆0,Λ0,Ω. Particularly for K/pi we can see that the opposite-sign pairs
are more correlated compared to like-sign pairs indicating dominance of neutral resonance de-
cays. The charge dependence of the excitation function begin to dominate at lower energy. The
fluctuation of positive-negative charge particle ratio is always dominated by decay of several
neutral resonances like ρ0,KS , η′, ω resulting negative values of observable νdyn as shown in Fig.
1(d). The data presented here are measurement at mid-rapidity and consistent with a similar
measurement done at forward rapidity. The other interesting observation is that νdyn follows an
approximate 1/Npart scaling at all energies. The similar scaling is observed with average mul-
tiplicity for γ − ch ratio fluctuation as shown in Fig.2(a) where data for 200 GeV is compared
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Figure 1: (color online) Observable νdyn for identified particles(a-c) and inclusive charged particles(d) at mid-rapidity
for BES. Symbols represent data points and model calculations are shown by lines. Errors bars are statistical.
to mixed event and model calculations. Systematic errors due to different kinematic cuts and
variation in collision vertex position have been included in these results; estimation of further
systematic uncertainties due to charge particle contamination contribution are underway. Re-
sults for most central (0 − 20%) events using the observable rm,1 is shown in Fig.2(b)-2(c). Data
seem to show a different trend from mixed events and several conventional model calculations at
all energies. Even though data show difference from generic (Poisson) expectation and conven-
tional models, the corresponding physical origin requires further systematic investigation. The
results for new measurements of pT correlation at mid-rapidity is shown in Fig.2(d). Over the
energy range 39-200 GeV data show a flat nature of the excitation function of scaled correlation〈
∆pt,i∆pt, j
〉
/ 〈〈pT 〉〉 for most central events in contrast to UrQMD model calculation. Below 39
GeV, data seem to show a decreasing trend in contrast to previous measurements done by CERES
collaboration. The difference could be due to acceptance difference which is under investigation.
4. Summary
We have studied ratio fluctuation of various particle species. For p/pi and K/p we see mono-
tonic behavior with collision energy dominated by correlated productions. No strong energy
dependence was observed for K/pi ratio. The charge dependence of particle ratio fluctuations ex-
hibit differences between same and opposite sign pairs, becoming dominant at low energy. The
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Figure 2: (color online) Observable νdyn and rm,1 for γ − ch correlation at 200 GeV (a-b). Markers show data points and
lines are model calculations. Errorbars are both systematic (bars) and statistical (lines). (c)Energy dependence of rm,1.
(d) Energy dependence of scaled pT correlation, star markers show new measurements from STAR. Errors are statistical.
inclusive positive-negative charge ratio fluctuation shows monotonic decrease. The γ − ch corre-
lation result shows difference from conventional models in the energy range 19.6 -200 GeV. The
two particle transverse momentum correlation result shows a weak energy dependence above 39
GeV up to 2.76 TeV but decreases with incident energy below 39 GeV. In summary, results of
ratio fluctuations and correlation measured in the energy range (7.7 - 200 GeV) do not show any
non-monotonic trend and cannot be fully explained by hadronic models.
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